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(57) Animage processing apparatus according to the
present invention includes: a basic shape matching sec-
tion that extracts, as a structure region, an arbitrary struc-
tural object included in an image obtained by picking up
animage of amucosal surface of aliving body and match-
es each pixel or each region in the extracted structure
region with any of plural types of predetermined basic
shapes; a structural object region dividing section that
divides the structural object into regions according to re-
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spective basic shapes included in the plural types of pre-
determined basic shapes, based on aresult of the match-
ing by the basic shape matching section; and a feature
value calculating section that calculates a feature value
according to at least one of a frequency of appearance
of each basic shape in a result of the region division by
the structural object region dividing section and a posi-
tional relationship between basic shapes of one or more
types in the result of the region division, based on the
result of the region division.
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Description
Technical Field

[0001] The present invention relates to an image
processing apparatus and an image processing method,
and specifically relates to animage processing apparatus
and an image processing method used for, e.g., diagno-
sis of a living tissue.

Background Art

[0002] In recent years, diagnostic approaches using
patterns of blood vessels under a mucous membrane
and/or patterns of microstructures in a mucosal surface
included in a medical image, such as an image of the
inside of a lumen, picked up by inserting an endoscope
into a body cavity of a subject have been proposed.
[0003] Also, in recent years, as an example of tech-
niques for enabling the aforementioned diagnostic ap-
proachestobe aided by, e.g., computers,image process-
ing for extracting and quantifying, e.g., patterns of shapes
of blood vessels under a mucous membrane of a living
body and/or patterns of microstructures in a mucosal sur-
face of a living body included in a medical image have
been proposed.

[0004] For example, Japanese Patent Application
Laid-Open Publication No. 2005-157902 discloses an
image analysis method in which image data of an original
image designated by operation of an operating apparatus
and the obtained image data of the originalimage is proc-
essed to generate a binarized image, a labeled image,
aline-thinned image, a blood vessel shape feature value,
a blood vessel feature value, and an image subjected to
analysis processing.

[0005] However, the technique disclosed in Japanese
Patent Application Laid-Open Publication No.
2005-157902 has a problem that, for example, where a
blood vessel shape included in an original image has a
complicated pattern, it is difficult to quantify the pattern.
[0006] The present invention has been made in view
of the aforementioned circumstances, and an object of
the present invention is to provide an image processing
apparatus and an image processing method that, even
where a shape of a structural object in a living tissue has
a complicated pattern, enable the pattern to be easily
quantified.

Disclosure of Invention
Means for Solving the Problem

[0007] An image processing apparatus according to
an aspectof the presentinventionincludes: abasic shape
matching section that extracts, as a structure region, an
arbitrary structural object included in an image obtained
by picking up an image of a mucosal surface of a living
body and matches each pixel or each region in the ex-
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tracted structure region with any of plural types of pre-
determined basic shapes; a structural object region di-
viding section that divides the structural object into re-
gions according to respective basic shapes included in
the plural types of predetermined basic shapes, based
on a result of the matching by the basic shape matching
section; and a feature value calculating section that cal-
culates a feature value according to at least one of a
frequency of appearance of each basic shape in a result
of the region division by the structural object region di-
viding section and a positional relationship between basic
shapes of one or more types in the result of the region
division, based on the result of the region division.
[0008] An image processing method according to an
aspect of the present invention includes: a basic shape
matching step of extracting, as a structure region, an ar-
bitrary structural object included in an image obtained by
picking up an image of a mucosal surface of a living body
and matching each pixel or each region in the extracted
structure region with any of plural types of predetermined
basic shapes; a structural object region dividing step of
dividing the structural object into regions according to
respective basic shapes included in the plural types of
predetermined basic shapes, based on a result of the
matching in the basic shape matching step; and a feature
value calculating step of calculating a feature value ac-
cording to at least one of a frequency of appearance of
each basic shape in a result of the region division in the
structural object region dividing step and a positional re-
lationship between basic shapes of one or more types in
the result of the region division, based on the result of
the region division.

Brief Description of the Drawings
[0009]

Fig. 1 is a diagram illustrating a configuration of a
main part of a medical system including an image
processing apparatus according to an embodiment
of the present invention;

Fig. 2 is a diagram illustrating main processing func-
tions of an arithmetic operation processing section
according to the present embodiment;

Fig. 3 is a flowchart illustrating an example of
processing, etc., performed by the image processing
apparatus according to the present embodiment;
Fig. 4 is a flowchart illustrating an example of
processing, etc., for basic shape matching;

Fig. 5 is a diagram illustrating an example of an im-
age region included in image data to be processed;
Fig. 6 is a diagram illustrating an example of results
of calculation of shape feature values in the image
region in Fig. 5;

Fig. 7 is a diagram illustrating an example of a case
where each structural object included in the image
region in Fig. 5 is divided into regions based on re-
spective basic shapes;
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Fig. 8 is a diagram illustrating an example of a matrix
representing counts of pixels of respective basic
shapes adjacent to a pixel of interest relative to re-
spective basic shapes matched with the pixel of in-
terest;

Fig. 9 is a diagram illustrating an example of a matrix
representing counts of regions of respective basic
shapes adjacent to a region of interest relative to
respective basic shapes matched with the region of
interest; and

Fig. 10 is a diagram illustrating an example of a case
where basic shapes included in the region AR1 in
Fig. 7 are represented in the form of a tree structure.

Best Mode for Carrying Out the Invention

[0010] An embodiment of the present invention will be
described with reference to the drawings.

[0011] Figs. 1 to 10 relates to an embodiment of the
present invention.

[0012] Fig. 1is adiagram illustrating a configuration of
a main part of a medical system including an image
processing apparatus according to an embodiment of the
present invention.

[0013] As illustrated in Fig. 1, a medical system 1 in-
cludes: a medical observation apparatus 2 that picks up
an image of an object such as a mucosal surface of a
living body inside a body cavity to output a video signal;
an image processing apparatus 3 including, e.g., a per-
sonal computer, the image processing apparatus 3 per-
forming image processing on the video signal outputted
from the medical observation apparatus 2 and outputting
the video signal subjected to the image processing as an
image signal; and a monitor 4 that displays an image
based on the image single outputted from the image
processing apparatus 3.

[0014] Also, the medical observation apparatus 2 in-
cludes: an endoscope 6 that, upon the endoscope 6 being
inserted into a body cavity, picks up animage of an object
inside the body cavity to output a picked-up image signal;
a light source apparatus 7 that supplies illuminating light
(for example, RGB light) for illuminating the object, an
image of which is picked up by the endoscope 6; a camera
control unit (hereinafter abbreviated as "CCU") 8 that per-
forms various types of control on the endoscope 6 and
performs signal processing on the picked-up image sig-
nal outputted from the endoscope 6 to generate and out-
put a video signal; and a monitor 9 that displays the image
of the object picked up by the endoscope 6 based on the
video signal outputted from the CCU 8.

[0015] The endoscope 6, which serves as a medical
image pickup apparatus, includes an insertion portion 11
to be inserted into a body cavity, and an operation portion
12 provided on the proximal end side of the insertion
portion 11. Also, a light guide 13 for conveying illuminat-
ing light supplied from the light source apparatus 7 is
inserted through the inside of the insertion portion 11
from the proximal end side to a distal end portion 14 on
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the distal end side.

[0016] The lightguide 13is configured so thatthe distal
end side thereof is arranged in the distal end portion 14
of the endoscope 6 and the rear end side thereof is con-
nectable to the light source apparatus 7. Then, such con-
figuration allows illuminating light supplied from the light
source apparatus 7 to be conveyed by the light guide 13
and then exit from an illumination window (not illustrated)
provided at a distal end face of the distal end portion 14
of the insertion portion 11. Then, e.g., a living tissue as
an object is illuminated with the illuminating light exiting
from the illumination window.

[0017] Inthe distal end portion 14 of the endoscope 6,
an image pickup section 17 including an objective optical
system 15 attached to an observation window (not illus-
trated) arranged at a position adjacent to the illumination
window, and an image pickup device 16, which includes,
e.g., a CCD, arranged at a position where an image
through the objective optical system 15 is formed are
provided.

[0018] Theimage pickup device 16 is connected to the
CCU 8 via signal wires. The image pickup device 16 is
driven based on a drive signal outputted from the CCU
8, and outputs a picked-up image signal obtained by pick-
ing up animage of an objectformed through the objective
optical system 15 to the CCU 8.

[0019] The picked-up image signal inputted to the CCU
8 is subjected to signal processing in a signal processing
circuit (not illustrated) provided inside the CCU 8 and
thereby converted into a video signal and the video signal
is outputted. Then, the video signal outputted from the
CCU 8is inputted to the monitor 9 and the image process-
ing apparatus 3. Consequently, an image of the object
based on the video signal outputted from the CCU 8 is
displayed on the monitor 9.

[0020] Theimage processing apparatus 3 includes: an
image input section 21 that subjects the video signal out-
putted from the medical observation apparatus 2 to
processing such as A/D conversion to generate image
data; an arithmetic operation processing section 22 in-
cluding, e.g., a CPU, the arithmetic operation processing
section 22 performing various types of processing on,
e.g., the image data outputted from the image input sec-
tion 21; a program storing section 23 that stores, e.g.,
programs (and software) for the processing performed
in the arithmetic operation processing section 22; an im-
age storing section 24 capable of storing, e.g., the image
data outputted from the image input section 21; and an
information storing section 25 capable of storing a result
of the processing in the arithmetic operation processing
section 22.

[0021] Also, the image processing apparatus 3 in-
cludes: a storage apparatus I/F (interface) 26 connected
to a data bus 30, which will be described later; a hard
disk 27 capable of storing the result in the arithmetic op-
eration processing section 22, the processing result be-
ing outputted via the storage apparatus interface 26; a
display processing section 28 that generates and outputs
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animage signal for displaying an image of, e.g., the result
of the processing in the arithmetic operation processing
section 22 on the monitor 4; and an input operation sec-
tion 29 including, e.g., an input apparatus such as a key-
board, the input operation section 29 allowing input of,
e.g., parameters for the processing in the arithmetic op-
eration processing section 22 and instructions for oper-
ation of the image processing apparatus 3.

[0022] Note that the image input section 21, the arith-
metic operation processing section 22, the program stor-
ing section 23, the image storing section 24, the informa-
tion storing section 25, the storage apparatus interface
26, the display processing section 28 and the input op-
eration section 29 in the image processing apparatus 3
are interconnected via the data bus 30.

[0023] Fig. 2 is a diagram illustrating main processing
functions of the arithmetic operation processing section
according to the present embodiment.

[0024] As illustrated in Fig. 2, the arithmetic operation
processing section 22 has a processing function as a
basic shape matching section 31, a processing function
as a structural object region dividing section 32, a
processing function as a labeling processing section 33,
a processing function as a feature value calculating sec-
tion 34 and a processing function as a structural object
classifying section 35.

[0025] The basicshape matching section 31 calculates
a predetermined feature value of each pixel or each re-
gion inimage data outputted from the image input section
21, extracts an arbitrary structural object included in the
image data as a structure region, and performs process-
ing for matching each pixel or each region in the extracted
structure region with any of plural types of predetermined
basic shapes based on a result of the calculation of the
predetermined feature value. Note that details of such
processing in the basic shape matching section 31 will
be described later.

[0026] The structural object region dividing section 32
performs processing for dividing (the structural object as)
the structure region subjected to matching with the plural
types of predetermined basic shapes by means of the
processing in the basic shape matching section 31, into
regions according to the respective basic shapes, based
on aresult of the processing in the basic shape matching
section 31.

[0027] The labeling processing section 33 performs
processing for labeling each of the structural objects re-
sulting from the region division by the structural object
region dividing section 32, based on a result of the
processing in the structural object region dividing section
32.

[0028] The feature value calculating section 34 calcu-
lates a feature value representing a feature of each of
the structural objects labeled by the labeling processing
section 33, based on a result of the processing in the
labeling processing section 33. Note that details of such
processing in the feature value calculating section 34 will
be described later.
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[0029] The structural object classifying section 35 per-
forms processing for classifying the respective structural
objects labeled by the labeling processing section 33 into
respective specific structural objects relating to a living
tissue such as blood vessels and microstructures of a
mucous membrane, based on results of the processing
in the labeling processing section 33 and the feature val-
ue calculating section 34. Note that details of such
processing in the structural object classifying section 35
will be described later.

[0030] Next, processing, etc., performed in the image
processing apparatus 3 in the medical system 1 accord-
ing to the present embodiment will be described mainly
with reference to the flowchart in Fig. 3. Fig. 3 is a flow-
chart illustrating an example of processing, etc., per-
formed by the image processing apparatus according to
the present embodiment.

[0031] First, a user turns on a power supply to the re-
spective parts of the medical system 1 and then, inserts
the insertion portion 11 until, for example, the distal end
portion 14 reaches a desired observation site inside a
body cavity of a subject. Consequently, an object includ-
ing a living body mucosal surface is illuminated by illu-
minating light (RGB light) exiting from the distal end por-
tion 14, and an image of the object is picked up by the
image pickup section 17 and a picked-up image signal
according to the picked-up image of the object is output-
ted to the CCU 8.

[0032] The CCU 8 performs signal processing on the
picked-up image signal outputted from the image pickup
device 16 in the image pickup section 17, via the signal
processing circuit (not illustrated) to convert the picked-
up image signal into a video signal, and outputs the video
signal to the medical image processing apparatus 3 and
the monitor 9. Then, the monitor 9 displays the image of
the object picked up by the image pickup section 17,
based on the video signal outputted from the CCU 8.
[0033] The image input section 21 performs process-
ing, such as A/D conversion, on the video signal inputted
from the medical observation apparatus 2 to generate
image data (step S1 in Fig. 3) and outputs the generated
image data to the arithmetic operation processing section
22 (and the image storing section 24).

[0034] Subsequently, the basic shape matching sec-
tion 31 in the arithmetic operation processing section 22
performs processing for calculating a predetermined fea-
ture value of each pixel or each region in the image data
outputted from the image input section 21, extracting an
arbitrary structural object in the image data as a structure
region, and matching each pixel or each region in the
extracted structure region with any of plural types of pre-
determined basic shapes based on a result of the calcu-
lation of the predetermined feature values (step S2 in
Fig. 3).

[0035] Here, details of the processing, etc., performed
in step S2in Fig. 3 will be described mainly with reference
tothe flowchartin Fig. 4. Note that for simplicity, the below
description is provided assuming that an image region
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such as illustrated in Fig. 5 is included in at least a part
of the image data generated by the image input section
21 based on the video signal inputted to the image
processing apparatus 3. Fig. 4 is a flowchart illustrating
an example of processing, etc., for matching with the
basic shapes. Fig. 5 is a diagram illustrating an example
of an image region included in image data to be proc-
essed.

[0036] The basic shape matching section 31 in the
arithmetic operation processing section 22 calculates lo-
cal feature values of the image data generated by the
image input section 21 (step S11 in Fig. 4).

[0037] More specifically, while the basic shape match-
ing section 31, forexample, sequentially sets all the pixels
included in the image data generated by the image input
section 21 one by one from the upper left pixel to the
lower right pixel, as pixels of interest, the basic shape
matching section 31 sequentially calculates feature val-
ues of the set pixels of interest.

[0038] Note that the basic shape matching section 31
is not limited to one that sequentially sets pixels of interest
that each include one pixel and calculates feature values
of the respective pixels of interest in step S11 in Fig. 4,
and may be, for example, one that sequentially sets re-
gions of interest that each include a plurality of pixels and
calculates feature values of the respective set regions of
interest.

[0039] Also, the basic shape matching section 31 cal-
culates, for example, a feature value AC1 relating to a
direction of a local change (in luminance value or pixel
value) of each pixels of interest, a feature value AC2 re-
lating to a magnitude of the local change, and a shape
feature value AC3 based on the direction and the mag-
nitude of the change, as the aforementioned local feature
values.

[0040] More specifically, the basic shape matching
section 31 calculates a 2x2 Hessian matrix correspond-
ing to second-order partial derivatives according to hor-
izontal and vertical positions for a luminance value of
each pixel to obtain eigenvalues A1 and A2 (A1 <A2) and
eigenvectors e1 and e2 corresponding to the eigenvalues
A1 and A2. Note that the eigenvectors e1 and e2 corre-
spond to the feature value AC1, and the eigenvalues A1
and A2 correspond to the feature value AC2.

[0041] Furthermore, the basic shape matching section
31 performs an arithmetic operation using the feature
value AC2 obtained in the above arithmetic operation to
calculate a value of a linearity degree LD representing a
degree of a linear shape characteristic of each pixels of
interest and a value of a circularity degree CD represent-
ing a degree of a circular shape characteristic of the pixels
of interest, respectively, as the shape feature value AC3.
[0042] More specifically, the basic shape matching
section 31 performs an arithmetic operation of (A2-A1)/
A2 to obtain the value of the linearity degree LD. Also,
the basic shape matching section 31 performs an arith-
metic operation of A1/A2 to obtain the value of the circu-
larity degree CD.
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[0043] Then, the basic shape matching section 31 ob-
tains, for example, results of the calculation of the shape
feature values AC3 as illustrated in Fig. 6 for the image
regionillustrated in Fig. 5, based on the respective values
obtained as the linearity degree LD and the circularity
degree CD. Fig. 6 is a diagram illustrating an example of
results of calculation of shape feature values in the image
region in Fig. 5.

[0044] According to the results of calculation of the
shape feature values AC3 illustrated in Fig. 6, parts with
a large value of the linearity degree LD (each indicated
as a line in Fig. 6) and parts with a large value of the
circularity degree CD (each indicated as a circle in Fig.
6) in the image region illustrated in Fig. 5 can be extract-
ed, respectively.

[0045] Note that the basic shape matching section 31
may be one that calculates a gradient direction of each
pixels of interest as the feature value AC1. Also, the basic
shape matching section 31 may be one that calculates
a gradient magnitude of each pixels of interest as the
feature value AC2. Furthermore, the basic shape match-
ing section 31 may be one that calculates a value of a
shape index of each pixels of interest as the feature value
AC3.

[0046] Also, the basic shape matching section 31 ex-
tracts an arbitrary structural object included in the image
data outputted from the image input section 21, based
on a result of the processing in step S11 in Fig. 4 as a
structure region (step S12 in Fig. 4).

[0047] More specifically, the basic shape matching
section 31 extracts, for example, a pixel meeting any of
conditions that the feature value AC2 is equal to or below
a certain threshold value T1high, the feature value AC2
is equal to or exceeds a certain threshold value T1low
(however, T1high > T1low), the feature value AC3 is
equal to or below a certain threshold value T2high and
the feature value AC3 is equal to or exceeds a certain
threshold value T2low (however, T2high > T2low), as a
pixel included in a structure region that is a structural
object (to be extracted).

[0048] Note that the respective pieces of information
of the threshold values T1high, T1low, T2high and T2low
are stored in advance in, for example, the information
storing section 25. Then, the basic shape matching sec-
tion 31 performs processing using the respective pieces
of information of the threshold values T1high, T1low,
T2high and T2low stored in advance in the information
storing section 25, in step S 12 in Fig. 4.

[0049] The basic shape matching section 31 performs
processing for matching each pixel or each region in the
structure region extracted in step S12 in Fig. 4 with any
of the plural types of predetermined basic shapes, based
on results of calculation of the respective feature values
instepS12inFig. 4 (step S 13inFig. 4), and subsequently
performs the processing in step S3 in Fig. 3.

[0050] Notethatinthe presentembodiment, as the plu-
ral types of predetermined basic shapes, for example,
four types of basic shapes: circle, straight line, curve and
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divarication, which are minute unit partial shapes includ-
ed in a structural object in a mucosal surface of a living
body are set in advance. Then, if the four types of basic
shapes are set in advance, the basic shape matching
section 31 performs the following determination process-
ing based on the results of the calculation of the respec-
tive feature values in step S12 in Fig. 4 to perform
processing for matching each pixel or each region in the
structure region extracted in step S12 in Fig. 4 with any
one of the respective basic shapes.

[0051] More specifically, the basic shape matching
section 31 matches each pixel or each region for which
the determination result that the value of the linearity de-
gree LD is large compared to the value of the circularity
degree CD and directions of the pixel or the region con-
centrate on one certain direction has been obtained, with
a straight line.

[0052] Also, the basic shape matching section 31
matches each pixel or each region for which the deter-
mination result that the value of the linearity degree LD
is large compared to the value of the circularity degree
CD and directions of the pixel or the region concentrate
on two different directions has been obtained, with a
curve.

[0053] Also, the basic shape matching section 31
matches each pixel or each region for which the deter-
mination result that the value of the circularity degree CD
is large compared to the value of the linearity degree LD
and directions of the pixel or the region disperse, with a
curve.

[0054] Also, the basic shape matching section 31
matches each pixel or each region for which the deter-
mination result that the value of the linearity degree LD
and the value of the circularity degree CD are substan-
tially the same and directions from a pixel having a line-
arity degree LD disperse in several directions, with a di-
varication.

[0055] Note that the processing in step S 13 in Fig. 4
in the present embodiment may be performed using, for
example, shapes resulting from subdivision of the afore-
mentioned four types of basic shapes according to char-
acteristics such as thickness, dimensions and color.
[0056] The structural object region dividing section 32
performs processing for dividing (the structural object as)
the structure region matched with the plural types of basic
shapes, according to the respective basic shapes, based
on aresult of the processing by the basic shape matching
section 31 in step S2 in Fig. 3 (result of the processing
in step S13 in Fig. 4) (step S3 in Fig. 3).

[0057] More specifically, for example, if the region di-
vision processing in step S3in Fig. 3 is performed on the
image data illustrated in Fig. 5 (and Fig. 6) where four
types of basic shapes: circle, straight line, curve and di-
varication, are set in advance, a processing result such
as llustrated in Fig. 7 can be obtained. Fig. 7 is a diagram
illustrating an example of a case where the respective
structural objects included in the image region in Fig. 5
are divided into regions based on the respective basic
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shapes.

[0058] The labeling processing section 33 performs
processing for labeling each of the structural objects re-
sulting from the region division by the structural object
region dividing section 32, based on a result of the
processing in step S3 in Fig. 3.

[0059] Subsequently, the feature value calculating
section 34 calculates feature values of each structural
object labeled by the labeling processing section 33,
based on a result of the processing in the labeling
processing section 33 (step S4 in Fig. 3).

[0060] Here, e.g., methods for calculating various fea-
ture values that can be calculated by the processing in
step S4in Fig. 3 will be described. Note that for simplicity,
the below description is provided taking a case where
four types of basic shapes: circle, straight line, curve and
divarication, are set in advance, as an example.

[0061] First, specific methods for calculating a feature
value FV1 according to a frequency of appearance of
each basic shape in the result of the region division in
step S3 in Fig. 3 will be described. Note that the feature
value calculating section 34 in the present embodiment
may use any of the below-described feature value FV1
calculation methods alone or a plurality of the methods
in combination.

[0062] The feature value calculating section 34 calcu-
lates a frequency of appearance of pixels matched with
each of the four types of basic shapes where all pixels
included in one structural object is 100%, as the feature
value FV1.

[0063] More specifically, for example, for the structural
object K1 in Fig. 7, a feature value FV1 calculation result
that the circle basic shape = 100%, the straight line basic
shape = 0%, the curve basic shape = 0% and the divar-
ication basic shape is = 0% can be obtained. Note that
the feature value calculating section 34 in the present
embodiment may calculate a feature value FV1 by mul-
tiplying the frequency of appearance of the pixels
matched with each basic shape such as described
above, by any of values of a width, a length or an area
of the structural object.

[0064] The feature value calculating section 34 calcu-
lates the respective counts of pixels corresponding to the
four types of basic shapes in one structural object, as the
feature value FV 1.

[0065] The feature value calculating section 34 calcu-
lates the respective counts of regions resulting from one
structural object being divided based on the four types
of basic shapes, as the feature value FV 1.

[0066] More specifically, for example, for the structural
object K2 in Fig. 7, a feature value FV1 calculation result
that the circle region count = 0, the straight line region
count =1, the curve region count = 2 and the divarication
region count = 0 can be obtained.

[0067] Note that the above-described feature value
FV1 calculation methods can be employed in a substan-
tially same manner whether a part or all ofimage regions
in one image data is subject to the calculation.
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[0068] Also, the feature value calculating section 34 in
the present embodiment may determine an average val-
ue and/or a statistic value of, e.g., dispersion calculated
based on the frequency of appearance of each basic
shape, as a feature value FV1.

[0069] Also, the feature value calculating section 34 in
the present embodiment calculates a feature value FV1
for a particular type of basic shape selected from the
respective basic shapes.

[0070] Also, the feature value calculating section 34 in
the present embodiment may determine, for example, a
result of a product-sum operation to add up respective
values obtained by multiplying the frequencies of appear-
ance of the respective basic shapes by respective weight
coefficients, as a feature value FV1.

[0071] Next, specific methods for calculating a feature
value FVV2 according to positional relationship among ba-
sic shapes of one or more types in the result of the region
division in step S3 in Fig. 3 will be described. Note that
the feature value calculating section 34 in the present
embodiment may use any of the below-described feature
value FV2 calculation methods alone or a plurality of the
methods in combination.

[0072] Where P types of basic shapes are set in ad-
vance, the feature value calculating section 34 scans
each region subsequent to region division included in
one structural object, and puts an adjacency relationship
(connection relationship) among the respective basic
shape regions obtained based on a result of the scan
into a p-adic number code to calculate a feature value
Fv2.

[0073] More specifically, for example, where the four
types of basic shapes are set in advance, each structural
object labeled by the labeling processing section 33 is
put into a quaternary number code including circle = 0,
straight line = 1, divarication = 2 and curve = 3. Then, the
feature value calculating section 34 scans, for example,
the structural object K2 in Fig. 7 from the left side to the
right side of the image data and puts a result of the scan
into a quaternary number code such as mentioned above
to obtain a feature value FV2 calculation result of "313".
[0074] The feature value calculating section 34 ana-
lyzes each pixel subsequent to region division included
in one structural object and puts adjacency relationships
(connectionrelationships) among pixels of the respective
basic shapes obtained based on a result of the analysis
into a matrix to calculate a feature value FV2.

[0075] Fig. 8 is a diagram illustrating an example of a
matrix representing counts of pixels of respective basic
shapes adjacentto a pixel ofinterestrelative to respective
basic shapes matched with the pixel of interest.

[0076] More specifically, the feature value calculating
section 34 sequentially sets pixels of interest one by one
from respective pixels subsequent to region division in-
cluded in one structural object, and counts, by basic
shape, basic shapes matched with respective pixels adj
acent to each set pixels of interest, which are located at
four or eight adjacent positions, to obtain a matrix, for
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example, as illustrated in Fig. 8, representing counts of
pixels of the respective basic shapes adjacent to pixels
of interest relative to the respective shapes matched with
the pixels of interest, as a feature value FV2. (In other
words, in the structural object indicated by the matrix in
Fig. 8, for pixels of interest matched with the straight line
basic shape, there are 124 adjacent pixels matched with
the straight line basic shape).

[0077] The feature value calculating section 34 ana-
lyzes each region subsequent to region division included
in one structural object and puts adjacency relationships
(connection relationships) among the regions of the re-
spective basic shapes as a result of the analysis into a
matrix to calculate a feature value FV2.

[0078] Fig. 9 is a diagram illustrating an example of a
matrix representing counts of regions of respective basic
shapes adjacent to a region of interest relative to respec-
tive basic shapes matched with the region of interest.
[0079] More specifically, the feature value calculating
section 34 sequentially sets regions of interest one by
one from respective regions subsequent to region divi-
sion included in one structural object and counts, by basic
shape, basic shapes matched with respective regions
adjacent to each set region of interest to obtain a matrix,
for example, as illustrated in Fig. 9, representing counts
of regions of the respective basic shapes adjacent to the
regions of interest relative to the respective basic shapes
matched with the regions of interest, as a feature value
FV2. (In other words, in the structural object indicated by
the matrix in Fig. 9, for regions of interest matched with
the divarication basic shape, there are three adjacent
regions matched with the straight line basic shapes).
[0080] The feature value calculating section 34 ana-
lyzes each region subsequent to from region division in-
cluded in one structural object or a plurality of structural
objects and calculates a distribution interval between ba-
sic shapes of one or more types obtained based on a
result of the analysis, as a feature value FV2.

[0081] More specifically, the feature value calculating
section 34 calculates, for example, a distance between
regions matched with the divarication basic shape from
among the four types of basic shapes, as a feature value
FV2. Then, the feature value FV2 calculated as described
above enables, for example, existence or non-existence
of a high-grade lesion to be quantitatively determined
according to a magnitude of the value of the feature value
Fv2.

[0082] Also, the feature value calculating section 34
calculates, for example, a distance between regions
matched with the circle basic shape from among the four
types of basic shapes, as a feature value FV2. Then, the
feature value FV2 calculated as described above ena-
bles, for example, existence or non-existence of a high-
grade lesion to be quantitatively determined according
to variations in feature value FV2.

[0083] Note that the above-described feature value
FV2 calculation methods can be employed in a substan-
tially same manner whether a part or all ofimage regions
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in one image data is subject to the calculation.

[0084] Note that for example, before calculation of a
feature value FV1 or FV2 using any of the above-de-
scribed calculation methods, the feature value calculat-
ing section 34 in the present embodiment may perform
threshold value processing based on at least one meas-
urement value from among the width, the length and the
area of each structural object extracted in step S12 in
Fig. 4 to calculate the feature value FV1 or FV2 only for
a structural object having the measurement value meet-
ing a predetermined condition.

[0085] More specifically, the feature value calculating
section 34 in the present embodiment may be, for exam-
ple, one that performs processing for calculating a feature
value FV1 (FV2) only for, from among respective struc-
tural objects each including a region including a group of
pixels matched with the circle basic shape, a structural
object including such region having an area equal to or
below a threshold value TH1.

[0086] Also, the feature value calculating section 34 in
the present embodiment may be, for example, one that
performs processing for calculating a feature value FV1
(FV2) only for, from among respective structural objects
each including a region including a group of pixels
matched with the straight line basic shape, a structural
object including such region having a width that is equal
to or exceeds a threshold value TH2 and is below a
threshold value TH3.

[0087] Then, as aresultofthethreshold value process-
ing being performed before the processing relating to fea-
ture value FV1 (FV2) calculation, for example, a struc-
tural object thatis not suitable for feature value FV1 (FV2)
calculation can be excluded from the respective structur-
al objects labeled by the labeling processing section 33,
and as a result, an accuracy of feature value FV1 (FV2)
calculation result can be enhanced.

[0088] Note that the feature value calculating section
34 in the present embodiment is not limited to one that
obtains a result of calculation of either a feature value
FV1 or FV2 in the processing in step S4 in Fig. 3, and
may obtain both results of calculation of feature values
FV1 and FV2.

[0089] The structural object classifying section 35 clas-
sifies the respective structural objects labeled by the la-
beling processing section 33, based on the feature values
obtained as results of processing in step S4 in Fig. 3 (step
S5 in Fig. 3).

[0090] More specifically, for example, where a fre-
quency of appearance of pixels matched with each of the
four types of basic shapes (corresponding to the feature
value FV1) is calculated for each structural object, the
structural object classifying section 35 classifies a struc-
tural object whose frequency of appearance of pixels
matched with the straight line basic shape is highest into
straight line shape blood vessels. Also, for example,
where a frequency of appearance of pixels matched with
each of the four types of basic shapes (corresponding to
the feature value FV1) is calculated for each structural
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object, the structural object classifying section 35 classi-
fies a structural object whose frequency of appearance
of pixels matched with the divarication basic shape is
highest into non-straight line shape blood vessels.
[0091] Note that the structural object classifying sec-
tion 35 in the present embodiment may be one that clas-
sifies each structural object in the processing in step S5
in Fig. 3, for example, based on a result of determination
of which type, from among a plurality of types (classifi-
cation patterns) for which the feature values obtained in
step S4 in Fig. 3 are set in advance, the structural object
is closest to.

[0092] Also, the structural object classifying section 35
in the present embodiment may be one that classifies
each structural object in the processing in step S5 in Fig.
3, for example, based on a result of clustering being per-
formed using the feature value calculation result obtained
in step S4 in Fig. 3.

[0093] Also, the structural object classifying section 35
may be one that classifies each structural object in the
processing in step S5 in Fig. 3 using other information
that is different from the feature values obtained in step
S4 in Fig. 3. More specifically, the structural object clas-
sifying section 35 may be one that in the processing in
step S5in Fig. 3, for example, scans each region subse-
quent to region division, obtains information indicating
adjacency relationships among the regions of the respec-
tive basic shapes obtained based on results of the scan
in the form of a tree structure for each structural object,
compare the obtained tree structure and a tree structure
described in a predetermined template, with each other
and classifies each structural object based on a result of
the comparison.

[0094] Fig. 10 is a diagram illustrating an example of
a case where basic shapes included in the region AR1
in Fig. 7 are represented in the form of a tree structure.
[0095] Here, the structural object classifying section
35 in the present embodiment, for example, scans the
region AR1 in Fig. 7 from the left side to the right side of
the image data, and if a result of the scan is represented
in the form of a tree structure, can obtain information
including the tree structure TAR1 in Fig. 10.

[0096] Also, the feature value calculating section 34 in
the present embodiment may be one that calculates a
feature value FA according to a relationship between a
plurality of structural objects based on a result of classi-
fication of each structural object obtained in the process-
ing in step S5 in Fig. 3.

[0097] More specifically, the feature value calculating
section 34 in the present embodiment may be one that
calculates, for example, a frequency of appearance of
structural objects classified into straight line shape blood
vessels and a frequency of appearance of structural ob-
jects classified into non-straight line shape blood vessels
where all structural objects included in an arbitrary image
region in image data is 100%, as a feature value FA.
[0098] Then,as aresult of processing using the feature
value FA being further performed, for example, a property
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of a living body mucous membrane included in an image
region for which the feature value FA has been calculated
and/or a site in a body cavity corresponding to the image
region can be identified.

[0099] Also, as aresult of processing using the feature
value FA being further performed, for example, whether
or not a plurality of structural objects included in animage
region for which the feature value FA has been calculated
have a peculiar arrangement and/or whether or not a
plurality of structural objects classified into a particular
type exist densely can be determined.

[0100] According to the above-described processing
in the present embodiment, each pixel or each region
included in an arbitrary structural object in an image (im-
age data) to be processed is matched with any of basic
shapes, and feature values are calculated based on a
result of the matching. Therefore, according to the above-
described processing in the present embodiment, even
where a structural object in a living body tissue included
in an image (image data) to be processed has a shape
including a complicated pattern, the pattern can easily
be quantified.

[0101] Note that the present invention is not limited to
each of the embodiments described above, and it should
be understood that various alterations and applications
are possible without departing from the spirit of the in-
vention.

[0102] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2011-196256
filed in Japan on September 8, 2011, the disclosure of
which is hereby incorporated in the description, the
claims and the drawings of the present application by
reference.

Claims
1. Animage processing apparatus comprising:

a basic shape matching section that extracts, as
a structure region, an arbitrary structural object
included in an image obtained by picking up an
image of a mucosal surface of a living body and
matches each pixel or each region in the extract-
ed structure region with any of plural types of
predetermined basic shapes;

a structural object region dividing section that
divides the structural object into regions accord-
ing to respective basic shapes included in the
plural types of predetermined basic shapes,
based on a result of the matching by the basic
shape matching section; and

a feature value calculating section that calcu-
lates a feature value according to at least one
of a frequency of appearance of each basic
shape in a result of the region division by the
structural object region dividing section and a
positional relationship between basic shapes of
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one or more types in the result of the region di-
vision, based on the result of the region division.

The image processing apparatus according to claim
1, wherein the feature value calculating section cal-
culates a feature value according to an adjacency
relationship between pixels or regions of one or more
types of basic shapes in the result of the region di-
vision by the structural object region dividing section.

The image processing apparatus according to claim
1, wherein the feature value calculating section cal-
culates a feature value according to a distribution
interval between basic shapes of one or more types
in the result of the region division by the structural
object region dividing section.

The image processing apparatus according to claim
1, wherein the feature value calculating section cal-
culates a feature value only for a particular type of
basic shape selected from the respective basic
shapes inthe resultof the region division by the struc-
tural object region dividing section.

The image processing apparatus according to claim
1, wherein the feature value calculating section cal-
culates a feature value only for a structural object
having a measurement value of at least one of a
width, a length and an area, the measurement value
meeting a predetermined condition, from among re-
spective structural objects extracted by the basic
shape matching section.

The image processing apparatus according to claim
1, further comprising a structural object classifying
section that classifies each structural object extract-
ed by the basic shape matching section, based on
a result of the calculation of the feature value by the
feature value calculating section.

An image processing method comprising:

a basic shape matching step of extracting, as a
structure region, an arbitrary structural object in-
cluded in an image obtained by picking up an
image of a mucosal surface of a living body and
matching each pixel or each region in the ex-
tracted structure region with any of plural types
of predetermined basic shapes;

a structural object region dividing step of dividing
the structural object into regions according to
respective basic shapes included in the plural
types of predetermined basic shapes, based on
a result of the matching in the basic shape
matching step; and

a feature value calculating step of calculating a
feature value according to at least one of a fre-
quency of appearance of each basic shape in a
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result of the region division in the structural ob-
ject region dividing step and a positional rela-
tionship between basic shapes of one or more
types in the result of the region division, based
on the result of the region division.

The image processing method according to claim 7,
wherein the feature value calculating step includes
calculating afeature value according to an adjacency
relationship between pixels or regions of one or more
types of basic shapes in the result of the region di-
vision in the structural object region dividing step.

The image processing method according to claim 7,
wherein the feature value calculating step includes
calculating a feature value according to a distribution
interval between basic shapes of one or more types
in the result of the region division in the structural
object region dividing step.

The image processing method according to claim 7,
wherein the feature value calculating step includes
calculating a feature value only for a particular type
of basic shape selected from the respective basic
shapes in the result of the region division in the struc-
tural object region dividing step.

The image processing method according to claim 7,
wherein the feature value calculating step includes
calculating afeature value only for a structural object
having a measurement value of at least one of a
width, a length and an area, the measurement value
meeting a predetermined condition, from among re-
spective structural objects extracted in the basic
shape matching step.

The image processing method according to claim 7,
further comprising a structural object classifying step
of classifying each structural object extracted in the
basic shape matching step, based on a result of the
calculation of the feature value in the feature value
calculating step.
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